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Summary 
After discovery of radio-active elements by Henry Becquerel, Pierre and Marie Curie 
German scientists started with investigations, which resulted in the discovery of new 
radioactive elements and the character and the effects of radioactivity. Very 
productive have been a circle of friends with Justus Elster, Hans Geitel and Friedrich 
Giesel in Brunswick and Wolfenbüttel, who have mostly done the scientific work 
beside their professional duties. This interdisciplinary center was successful working 
before institutional governmental radium institutes in Vienna, Paris, and other places 
are founded. They delivered other researcher all over the world with radioactive 
preparations that they could start their research about radioactivity as well as 
instruments and glassware. 
Introduction 
In this paper the important achievements in radium research in the first decade after 
the discovering of radioactivity of a circle of friends in  Brunswick and Wolfenbüttel, 
which are working as grammar teachers, chemist in a factory, doctors in their own 
praxis or founders of mechanical or glassware factories is presented. In some cases 
they had done their research work beside the duties in their appointments. They 
started their work immediately after the discovery of radioactivity by Henry Becquerel. 
This group represents all branches of nuclear research which we can find as 
departments of a nuclear research center in the second half of the 20th century. The 
scientists and the workshops were in close contact with most of the colleagues all 
over the world and their achievement were appreciated and cited in the literature.  
Therefore we can regard this group as an informal research center. This 
interdisciplinary center was successful working before institutional governmental 
radium institutes in Vienna, Paris, and other places had been founded. It was 
founded in the friendship of a number of excellent scientists and craftsmen. When 
they were no more able to do their work, the research was continued at other places 
of the world, but production of radioactive preparation and scientific instruments were 
further done in the companies of Buchler and Günter - Tegetmeyer.  
Biographies of the mentioned persons were published in books and articles by Rudolf 
Fricke.1 It is his great merit to collect material about the mentioned scientist and 
engineers and to write books and article about their life and work. 2, 3, 4  
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Important result of the research work 
Investigation of Becquerel rays by Elster and Geitel 
In 1896 Henry Becquerel in Paris has observed in experiments about the 
fluorescence of potassium uranyl sulfate crystals that these are able to blacken a 
photo plate, which are covered with black paper. He gives a report about this in a 
session of the academy francaise march 1, 1898. 5 In further experiments which he 
reported in sessions in the following weeks he observed that this new kind of 
radiation are able to penetrate thin foils of aluminum and copper,6 were emitted from 
different compounds of uranium, it does not behave like light,7 and was able to ionize 
the air.8 He found that the radiation emitted by uranium and its compounds are 
similar the shortly discovered cathode and X rays,9 but may be deflected by magnetic 
and electric fields.10  
When the grammar teachers in Wolfenbüttel Julius Elster (1854-1920) and Hans 
Geitel (1855-1923) which are dealing with the electricity of air for which they have 
developed very sensitive electrometers had heart from the first lecture of Becquerel 
about his discovered radiation, they repeated in the following month his experiments 
which they confirmed and then immediately informed Wilhelm Conrad Röntgen about 
their experiments.11 
At April 12, 1898 Gabriel Lippmann had reported in a session of the academy 
francaise that Marie Curie had found that the radiation of the uranium mineral 
pitchblende was more intensive then the uranium itself.12 In the same year he 
reported about the discovery of polonium by Marie and Pierre Curie 13 and about the 
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discovery of radium by Marie and Pierre Curie, and Gustave Bemont.14 For the 
reason of the radiation the Curies assumed that the heavy elements uranium, 
thorium, radium and polonium were excited by an intense radiation from outside the 
earth and like the fluorescence light known by of a lot of minerals and chemical 
substances, and William Crookes had assumed that the radiation was a result of the 
reaction of the materials with air. 
In 1998 Elster and Geitel had proved these assumptions. They placed a piece of 
uranium ore in an evacuated can, whereby the intensity of the radiation was not 
reduced. Therefore the hypothesis of Crookes was not valid. Then they arranged a 
uranium mineral together with an electroscope in a mine in 300m depth, and together 
with a photo plate in 852 m depth. They found no difference in the intensity of 
radiation between places in the depth and outside the mine. They refused the 
hypothesis of the Curies, that the radiation is a result of the excitation of the elements 
by high energy radiation from the cosmos. They wrote: “After these experiments the 
hypothesis, that the Becquerel rays of uranium mineral are excited by other 
preexisted radiation in the vicinity is in a high degree implausible.“ They didn´t found 
any influence of the irradiation with X-rays ore high temperature.15  They realized that 
radioactivity is a quality of the atoms mentioned. At a meeting of the Brunswick 
Association of Sciences in January 19, 1899 they explained:”Because the quality of 
emission of Becquerel rays seems to be inherent all chemical compounds of an 
active element, it could not be interpreted as an accompaniment of a chemical 
process. In fact, the source of the energy must be in the atoms of the mentioned 
elements itself. The idea is not far that the atom of a radioactive element will be 
transferred in a stable state by release of energy like a molecule of a non-stable 
compound.”16 In 1903 the chemists William Ramsay and Frederick Soddy in London 
showed that during the emission of α-rays helium was formed.  
In 1901 Elster and Geitel had spanned a long electrical charged wire in a garden, 
were the decay products of the emanation was collected and later stripped by a 
flannel of leather.17  Then they mounted a tube into the ground and took the air from 
it. This air was relatively high radio-active and its decay curve was similar to the 
emanation of radium. 18  
Meanwhile it was found that radioactive substances are helping in some diseases. 
Therefore they investigated a lot of water sources and healing earths. In 1904 they 
                                                           
14
 Pierre Curie, Marie Curie, Gustave Bemont, Sur une nouvelle substance fortement radio-active, 
contenue dans la pechblende, CR 127 (1898) 1215-1217 
15
 Julius Elster, Hans Geitel, Versuche an Becquerel-Strahlen, Annalen der Physik und Chemie 66 
(1898) 735-740 
16
 Rudolf Fricke, „J. Elster und H. Geitel“, Brunswick 1992, p. 115 
17
 Julius Elster, Hans Geitel, Weitere Versuch über die Elektrizitätszerstreuung in abgeschlossenen 
Luftmengen, Physik. Zeitschrift 2 (1901), 560-563; Über eine fernere Analogie in dem elektrischen 
Verhalten  der natürlichen und der durch Becquerelstrahlung abnorm leitend gemachten Luft,  Physik. 
Zeitschrift 2 (1901), 590-593; and Über die durch atmosphärische Luft induzierte Radioaktivität“, 
Physik. Zeitschrift 3 (1901) 76-79 
18
 Julius Elster, Hans Geitel, Über die Radioaktivität der im Erdboden enthaltenden Luft, Physik. 




reported about emanation from fango mud from the thermal spring of Battaglia (Italy) 
that its decay time was between the emanations of radium and thorium and they 
assumed that for this was responsible a mixture of radium and thorium or a new 
radioactive element.19 After further investigations they found in 1905 a substance 
which emit more α-rays than thorium but the emanation was similar to the emanation 
of thorium. 20 This new radioactive element was later discovered by Otto Hahn and 
named Radiothor. 
Elster and Geitel were international well known experts in the field of electricity of air, 
photo electricity and radioactivity. Their work about radioactivity has been 
acknowledged by the scientist in the world e. g. the Curie´s, Rutherford, Soddy. They 
were awarded with honorary doctorates, memberships of scientific societies, and the 
title professor and from the grand duke of Hannover appointed as court counselors. 
In 1904, 1905, 1907, 1908, 1909, 1910, and 1911 both were nominated for the Nobel 
Prize by the organic chemist Adolf Baeyer, who itself obtained the Nobel prize for 
chemistry in 1905, and other well-known scientists.21 
In 1909 the directory of the grammar school, associate professor at the University of 
Technology in Brunswick and former pupil of Elster and Geitel Karl Bergwitz (1875 – 
1958) was the first who had measured the ionization of air during an ascent of a 
balloon.22 He observed first a decrease in the ionization until a height of 1300m and 
then a constant value until 2000m. He was not sure that this behavior was a result of 
cosmic rays.  
Discovery of new radio-elements, investigation and production of radium and other 
radio-active preparations by Friedrich Giesel 
The chemist Friedrich Giesel (185 2-1927) from the quinine factory Buchler in 
Brunwick was successful in the separation of quinine derivates. He was fascinated 
hearing from the discovery of polonium by the Curie´s. In 1899 he tried to isolate 
polonium from residues of uranium production, and und shortly after the Curie´s he 
isolated radium.23 He determined the deviation of the ray in a magnetic field. 
In 1900 when he tried to investigate polonium he isolated from the pitchblende 
bismuth, which should contain the polonium. In spite of the Curie´s he had measured 
the preparation which was inside a glass tube and found that his preparation had 
only a short half-life. Therefore he named it “another kind of polonium” and “β –
polonium”. Really, he had discovered radioactive bismuth.24 The Curie´s had 
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measured in the substance by ionization of air the ray of the polonium with a half-life 
of about 180 days, which was accompanying the bismuth in result of their chemical 
separations. Giesel had measured the β rays of the bismuth isotope 210Bi, with a half 
live of about 5 days. The next hint on this radio-element were given four years later in 
1904 by Hofmann und Wölfi, who found by a chemical separation of their former 
discovered radio-lead a radioactive product which gave out only β rays, which lost 
much of its activity in six weeks.25 When in 1905 Ernest Rutherford investigated the 
decay curves of the radioactive daughter products, which were collected on a 
charged wire in an atmosphere containing radium emanation he found a radioactive 
product “which is transformed in the course of a few weeks and emits only β rays.” 26 
Giesel found the use of bromides for the separation of radium from barium more 
efficient than the use of the chlorides, applied by the Curie´s. Therefore his barium-
radium bromide contained more radium than the barium – radium chloride of the 
Curie´s. For production of radium in large scale he ask Eugen de Haën (1835-1911), 
the owner of  a chemical factory in List near Hannover, which produced uranium 
compounds for coloring of glass and porcelain, to prepare for him a barium rich 
fraction of the residue of the uranium production. Because he had to explain the 
whole procedure or the isolation of radium, Eugen de Haën was able to produce 
radium for selling itself. He was world wide the first seller of radium, which was used 
in the first experiments with radium by Rutherford, the radiologist Leopold Freund in 
Vienna and others. De Haën didn´t mention Giesel in his relevant publication.27 The 
E. de Haën Chemical Co., List, Germany sells radium from 1899 to 1902. 28 After 
Giesel had obtained the material from de Haën, he produced a large amount of 
radium rich barium bromide which he lent, sold or gave away to a number of 
scientists all over the world. While Giesel had started his radium research in his own 
rooms, later in the factory was founded a special department of radioactive 
preparations. He discovered and later produced luminescent paintings by addition of 
radium to zinc sulfide.29 
In 1902 he discovered actinium, which he had named „emanium“, because of the 
intense emanation of the substance which he had isolated from pitchblende by co-
precipitation with lanthanum. A long time Giesel was not accepted as discoverer of 
actinium. The co-worker of the Curies, Andre Debierne had claimed that his in 1900 
discovered new substance, similar with thorium, which he named actinium has been 
identical with the emanium of Giesel. But Debierne obtained in his precipitation with 
ammonia a mixture of radioisotopes of thorium with 230Th as main component. In a 
substance obtained by the procedure published by Debierne in 1900 Bertran 
                                                           
25
  Karl Andreas Hofmann, L. Gonder and V. Wölfi, Über induzierte Radioaktivität, Annalen der Physik, 
320 (1904) 615-632, see also: F. Giesel, Bemerkung zu der Arbeit von K. A. Hofmann, L. Gonder, V. 
Wölfi über induzierte Radioaktivität, Ann. Physik 320(1904)1048 
26
 Ernest Rutherford, Slow Transformation Products of Radium, Nature 71 (1905) 341-342 
27
 Eugene de Haën, Über selbstleuchtende Substanzen, Ann. Physik 69 (1899) 902 
28
 Roger F. Robison, “Mining and Selling Radium and Uranium” Springer, 2015 
29
 Julius Elster, Hans Geitel, Über die durch radioaktive Emanation erregte scintillierende 




Boltwood discovered Ionium later known as the thorium isotope 230Th.30  In 1904 
Debierne had produced a preparation according to the published procedure of Giesel 
and explained that the substance was identical with his preparation of 1900 which he 
had never delivered to any other colleagues.   
Giesel discovered in a solution of “emanium” after precipitation with ammonia a new 
radioactive substance. He named it emanium X, which we now know as radium 
isotope 223Ra. 31 In a solution of actinium, produced according to the published 
procedure of Giesel, Debierne determined the half life of the actinium emanium. In 
comparison with the emanium of radium and of thorium it amounts only four seconds. 
Rutherford obtained 2g of an actinium preparation from Giesel which was 250 times 
more active than uranium. In it his assistant Harriet Brooks isolated from its 
emanation the decay product with a half life of 41 min.32 We know it now as 211Pb 
with a half life of 36, 1 min.  
Studies of the biological effects of radiation and medical application of radium 
The dentist in Brunswick Otto Walkhoff, (1860 -1934) had pioneered diagnostics with 
x-rays in dental medicine. When his friend Giesel had isolated radium, he took some 
radioactive material onto his own skin and observed its changes. In further 
investigations he found by treatment with radium the enhancement of the life-time of 
mouse’s suffering on tumor.33 The neurologist Siegfried Loewenthal (1869 – 1951) is 
a pioneer of medical radium therapy and the dermatologist Alfred Sternthal (1862 – 
1942) developed dermatological radiation therapy. 34 They obtained the radium 
samples for their experiments from Giesel.  
Production of radioactive preparations, and instruments in Brunswick, and an 
engaged publisher 
The scientist and workshops has been very important for the research in radioactivity 
all over the world. Besides their scientific contributions they delivered other 
researchers all over the world with radioactive preparations that they could start their 
research about radioactivity as well as with instruments and glassware. 
As mentioned above, E. de Haen was the first who sell radium. His preparation was 
mainly a barium salt with a relatively low content of radium. The next seller of radium 
preparations with higher contents of radium was the department of Giesel in the 
Buchler-Quinine Company. 
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In 1901 the technicians Oscar Günther and Otto Tegetmeyer who was former 
working in university institutes founded in Brunswick the company Günter & 
Tegetmeyer which produced and sold scientific instruments35. Special types of 
electrometers were very important for the measurement of radioactivity. When Viktor 
Hess discovered cosmic rays during a balloon flight in 1913 he had used 
electrometers from this company.  
The Glassblower Richard Karl Friedrich Müller-Uri (1859 -1925) has learned his 
profession in a glassblower family in Thuringia was working in some workshops and 
had visited lectures in physics and chemistry at the university in Bonn. In Brunswick 
he founded a workshop for gas discharge tubes and was selling chemical and 
physical apparatus. He developed special X-ray tubes, e.g. one for the treatment of 
skin tuberculosis.36 
The publisher Vieweg in Brunswick was specialized in scientific books. They 
published e.g. the dissertation of Marie Curie which was translated in Germany by 
Kaufmann in 1904. 
Activities of the government 
Most of the important scientific work about radioactivity of the friends in Brunwick – 
Wolfenbüttel, was done unpaid in private rooms and were started immediately after 
the discovery of radioactive rays by Becquerel and the new radioactive elements by 
Marie and Pierre Curie. Important discoveries were done before special radium 
institutes in Paris and Vienna were founded.  
At march 3, 1896 the minister of the state Brunswick - Lüneburg appointed Julius 
Elster and Heinrich Geitel to professors and at March 25, 1915 to court counselors 
and at July 1915 both were awarded by the Technical University of Brunswick with 
honorary degrees. When Elster and Geitel became worldwide recognized scientists 
the duchy of Brunswick allowed them to reduce the weekly number of lessons in the 
school to 12. In march 1903 Friedrich Giesel became corresponding member of the 
Imperial Society of Sciences Leopoldina in Halle, in May 1903 he became the title 
professor, and in March 1916 the honorary degree Dr. Ing. at the Technical 
University Brunswick. 
France, Austria, United Kingdom, Russia, and other countries had scientific 
academies with high authority and a long tradition. In Germany only kingdoms and 
principalities had scientific academy. But they had not such an authority like 
academies in the above mentioned countries. That is one of the reasons that at 
present about the contributions of Elster, Geitel and Giesel are not so much known.  
Conclusion 
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The interdisciplinarity of radium research  
Radium research was an extremely complex science. When Marie Curie started his 
research about radioactive substances she found that uranium minerals are more 
active than may be calculated from the uranium content. She had the genius idea 
that therein must be another unknown chemical element with higher radioactivity than 
uranium. And with the help of sensitive physical method for the determination of the 
ionization of air, created by her husband Pierre and the chemical experiences of 
Gustave Bemont, she found in the same year the new chemical elements polonium 
and radium which she could enrich and later determine its atomic weight. Using the 
radioactivity as indicator of the enrichment of these new elements, she had created 
radiochemistry. From the standpoint of physics the question about the source of the 
energy of the emitted radiation were to solve, as well as the reason why substances 
are changing spontaneously from on in another, and which are the dependence of 
the intensity of radiation from the physical conditions time and temperature. The 
physicist Ernest Rutherford was representing for successful research in this direction, 
he discovered the nuclear of the atom and the possibility of experimental realization 
of nuclear reactions, and he created a school of physics at the University of 
Manchester. The research of the Wolfenbüttel – Brunswick Circle was characterized 
by a high degree of interdisciplinarity. We recognize there also a wide spread 
application of the new developments and products.  
Radium research in the region today 
After World War II this region around Brunswick became important again in the field 
of radioactivity. Radioisotope were produced and sold by Amersham –Buchler. In 
Brunswick is also a site of the Eggert & Ziegler Nuclitec GmbH. One topics of the 
Physical Technical Federal Institute is the calibration of the measurement of 
radioactivity. In Salzgitter the Federal Office for Radiation Protection is located and a 
depository for low-level radioactive wastes is under construction. An experimental 
deposit for low-level-radioactive waste is in the nearby mine ASSE. The depository of 
low- and medium-level-radioactive waste in Morsleben will be closed. An interim 
storage for high level wastes is located something farer in the north in Gorleben. The 
Leibniz University in Hannover has an Institute of Radioecology and Radiation 
Protection. The region were research about radioactivity in Germany had been 
started is now a region of radioactive waste management and radiation protection.  
 
 
